Top performance
for cloud computing

- Samsung ingenuity delivers ultimate cloud computing
performance and reliability

Successfully Riding the
Flash Wave

SAMSUNG



Legal Disclaimer Proprietary

This presentation is intended to provide information concerning computer and memory industries. We do
our best to make sure that information presented is accurate and fully up-to-date. However, the presentation
may be subject to technical inaccuracies, information that is not up-to-date or typographical errors. As a
consequence, Samsung does not in any way guarantee the accuracy or completeness of information
provided on this presentation. Samsung reserves the right to make improvements, corrections and/or
changes to this presentation at any time.

The information in this presentation or accompanying oral statements may include forward-looking
statements. These forward-looking statements include all matters that are not historical facts, statements
regarding Samsung Electronics' intentions, beliefs or current expectations concerning, among other things,
market prospects, growth, strategies, and the industry in which Samsung operates. By their nature, forward-
looking statements involve risks and uncertainties, because they relate to events and depend on
circumstances that may or may not occur in the future. Samsung cautions you that forward looking
statements are no guarantees of future performance and that the actual developments of Samsung, the
market, or industry in which Samsung operates may differ materially from those made or suggested by the
forward-looking statements contained in this presentation or in the accompanying oral statements. In
addition, even if the information contained herein or the oral statements are shown to be accurate, those
developments may not be indicative developments in future periods.

All 39 party logos used in this presentation are sole property of their respective owners.
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What You Are Going to Hear from Me Now

gl \\/ho We Are & What We Do
gal NAND Flash Technology Update

al Samsung SSD Portfolio for NAS Solutions

...and a brief introduction of your presenter:

Dieter Graf
Samsung Semiconductor Europe GmbH
Office: Munich

Responsible for Sales throughout EEU / AUT / Switzerland

Placing memory at the forefront of
future innovation and creative IT life



Samsung Consists of Many Different Companies

Proprietary

ELECTRONICS

FINANCIAL SERVICES

Electronics
SDI

Electro-Mechanics
SDS
Display

Life Insurance

Fire & Marine Insurance
Card
Securities

Asset Management

Venture Investment

MACHINERY &
HEAVY INDUSTRIES

C&T (Construction)

Heavy Industries
Engineering

TRADE & SERVICES

C&T (Trading)
Hotel Shilla

Cheil Worldwide
S-1 Corporation
Medical Center
Biologics
Bloepis
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Samsung Electronics Business Portfolio

ELECTRONICS

%}

CONSUMER
ELECTRONICS

Visual Display
Digital Appliances
Health & Medical Equipment

IT & MOBILE
COMMUNICATIONS

Mobile Communications
Networks

DEVICE
SOLUTIONS

Memory
System LSI

Foundry
LED
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Samsung Semiconductor Portfolio Proprietary

Device Solutions

Memory System LSI LED
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A Strong History of Innovation & Technology Leadership Proprietary

S

Production of 3D

: 3-bit V-NAND
4Gb LPDDR2 ::lrrtf:,: ke Flas'h Memory
Mobile DRAM RS RAE

Octa-Core
Application
Processor
28MP APS-C
CMOS
64GB 3D TSV
DDR4 Image Sensor

1Gb DRAM SSD for PCs

14-Nanometer
FinFET

64Mb DRAM
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SSD is Showcase of Samsung Innovation & Vertical Integration

# All Samsung SSDs are designed, developed and manufactured fully in-house

Samsung DRAM

Best quality
Optimized supply chain

NAND Technology
First mover in V-NAND technology
World 1t Multi-bit SSDs

Interface
World’s Largest PCle SSD supplier

2013 1*PCle PCSSD
2015 1s*NVMe M.2SSD
World’s Biggest SAS (16TB)

Controller & Firmware
Leader in Controller Technology
2006 1%t gen. SATA controller - 8" gen.
2010 1%tgen. SAS controller - 2™ gen.

2012 1t gen. NVMe controller » 3" gen.

L4l @ =Z=Zli=zle
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Samsung is the Leading SSD Vendor

TRENDFOCUS

The Data Storage Industry’s Most Trusted Market Inteligence

CQ2'17 Total SSD Market Shares
by Supplier, Units (M)

42.1 Million SSDs

WDC
18.1%

Toshiba
8.4%

SK Hynix
5.6%

Intel
9.2%

Kingston
5.9%

| L Lite-On
4.2%

Micron
7.5%

Transcend
1.8%

Samsung
35.4%

Others
2.3%

CQ2'17 Total SSD Market Shares
by Supplier, Exabytes

15.2EB

WD
Toshiba 15.1%
9.9%

Intel
SK Hynix 13.1%
3.8%
Kingston

3.2%

Lite-On
2.1%
Micron
9.7%
Transcend
0.8%
Others

2.2%

V-NAND = Capacity t

Samsung
39.4%

© 2017 TRENDFOCUS Inc

Source: https://www.storagenewsletter.com/2017/08/22/ssd-shipments-top-42-million-in-2q17-nand-ourput-up-6-qq-to-41eb/
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Top performance
for cloud computing

o Samsung ingenuity delivers ultimate cloud computing
performance and reliability

NAND Flash Technology
Update

SAMSUNG



SSD Adoption is on Verge of Explosion

Proprietary |

® SSD has already penetrated latency-critical storage applications and replaced HDD

» Capacity-sensitive applications are just starting to adopt SSD, but will grow rapidly in the next 5 years

Latency Storage Revenue Flash vs. HDD (SM)
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LU HDD Server SAN & Traditional Capacity Storage Revenue
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Samsung is the Market Leader of 3D NAND Flash Proprietary

" - [
9 32 layer —
3 B
© = I
— 24 layer l,gﬂ V3
2 L o
L -
: 225666
Z o
g.
| 128Gb
) SAMSUNG
155 \/-NAND Gen3

2010 2015 R Year

THE NEXT CREATION STARTS HERE



Introducing the Next Level of Innovation Proprietary

Transition to 4th Generation 3D V-NAND: SAMSUNG
« 1TB NVMe BGA SSD for PCs \/-NAND Gen4

e 32TB SAS SSD for Enterprise applications

Compared to Gen3:

More speed

4th Generation 1TB BGA

64 Stack

More productivity

512Gb Density 16TB NVMe SSD

32TB SAS SSD

1Gbps 1o speed

Less energy
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Market Transition to TLC and 3D NAND roprietary
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Top performance
for cloud computing

o Samsung ingenuity delivers ultimate cloud computing
performance and reliability

Samsung SSD Portfolio

SAMSUNG



Diverse SSD Lineup to Cover All Applications & Workloads Proprietary |

All Server SSDs are equipped with the latest 3rd Gen 48-layer V-NAND

Samsung

SAMSUNG

V-NAND Gen3

. activated 4
SM863a

PM1633a) PI\/I1725a
PM863a PM1633a -
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SSD
SAS PCIe NVMe

Enterprise SSD

DB / Application Server
Cloud Server, Storage

Datacenter SSD
CDN, VoD, Web,
File Server

*) Higher Over-provisioning



15Krpm HDD is Dead — 3D TLC SAS SSD is the Future Proprietary

* High capacity SAS SSD replaces traditional 10/15Krpm HDDs —
« Significantly lower CAPEX/OPEX and improved speed/reliability
* Already adopted by major OEMs with great success on the market

P MI 6338 More than 2x TCO Improvement

0.48/0.96/1.92/3.84/7.68/15.36TB
SAMSUNG 5x 16x
\/-NAND Gen3 / /

» World 1%t 3bit NAND SSD (PM1633)
* High Capacity Reliability Performance

(PM1633a - Up to 15.36TB) 10K/15K HDD m
« 12Gb/s SAS
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HP Case Study: One SSD Rack Can Replace Eight HDDs Racks  Proprietary

« Massive TCO savings against traditional 15Krpm HDDs
— Reduce the number of servers/racks for increased capacity and power efficiency

« More than 20PB on a single HP 3Par rack with data reduction

7.3PB Performance HDD (10K/15K) 7.7PB SSD
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NetApp Case Study: From Two HDD Racks to 4U Proprietary |

* NetApp is optimizing space with Samsung 16TB SSD

Samsung

« Massive reduction of footprint within the datacenter SSD
* Fastest growing product in NetApp history

Samsung SAS SSD 16TB
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Replacing SATA with Low-Power NVMe for Improved Efficiency  Proprietary

"/

OVH.com

PM963

Up to 1.920GB M.2 || 3.840GB 2.5”

430K IOPS
with
7.5 Watts

- High Performance
- PM963- Seq. R/W: 2.0/1.2 GB/s
- 430K IOPS

- Power-Loss Protection -
e L ow Active Power < 7.5W % Source : 2014 OCP Summit — MSFT’s Cloud Server

Specification Design
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PM863a — High-End Performance at Mainstream Cost Propristary| J

® TLC V-NAND provides better or equal performance and endurance versus planar MLC
« 1 DWPD is suitable for most mainstream applications (VDI, web hosting, boot drive etc)

® Compatible with most Synology & QNAP devices

Sysbench Average 99th Percentile

e

Imtel 3520 1.6TE 4VM

e sco oo | -

0 24 47 71 a5 118 142 165 189 213 236 260
Average (ms)

Source: http://www.storagereview.com/samsung_pm863_ssd_review
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SM863a — Industry Leading Performance with 3D MLC

Proprietary |

# 3D MLC enables the best write performance and cost structure
» 3.5 DWPD is ideal for caching and other write-intensive workloads

® Compatible with most Synology & QNAP devices

StorageReview MarkLogic™ NoSQL Database Benchmark
Overall Average Latency

Samsung PME63 960GB - 2.067
Toshiba HK3R2 960GB - 2122
SanDizsk CloudSpeed Eco 9360GB _ 2151
Samsung 845DC Pro 400GEB - 2157
Intel 53500 480GE _ 2.503
Samsung 845DC EVO 480GE _ 3.485
Micron M510DC 480GB _ 4751

T—

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

Overall Average Latency (ms)

Source: http://www.storagereview.com/samsung_sm863_ssd_review
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Flash is Enabling Data as the New Currency

Capacity Performance Partnership

e 1 \:"

Production Efficiencies Access, Manipulate, Technical Collaboration
Must Scale & Monetize Data for Best-in-Class Product
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Placing memory at the forefront of future innovation and creative IT life




